Introduction
Cerebrospinal fluid (CSF) leaks complicate operations of the cranial base, particularly those involving the anterior skull base (ASB). Kassam et al reported on their experience with almost 800 ASB procedures and reported a postoperative CSF leak, the most common complication they encountered, in 15.9% of patients. 1 All cases of postoperative CSF leak resolved with placement of a lumbar drain (LD) supplemented at times by an endoscopic repair and, in one instance, with open cranial surgery. Other authors have reported a similar salutary effect of LD placement, and it has become a widely accepted strategy in managing postoperative CSF leaks.
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Lumbar drains are at times inserted prior to surgery. For open cranial ASB procedures, the presumed benefit of an LD is to decrease brain swelling and improve access to the tumor or floor of the anterior cranial fossa. In addition, it allows controlled drainage of CSF postoperatively, which is purported to reduce intracranial pressure and thereby facilitate adequate healing of the dural repair. For endoscopic ASB procedures, the LD allows delivery of positive pressure via injection of preservative-free saline to facilitate delivery of tumor from the suprasellar compartment, allow injection of fluorescein to detect occult CSF leaks, and facilitate healing of dural defect repair techniques.
However, LD placement prior to elective ASB surgery remains controversial. Lee et al reported the effectiveness of LD placement along with endoscopic repair as an effective strategy for CSF rhinorrhea related to defects of the frontal and sphenoid sinuses that are associated with meningocele or encephalocele. 17 On the other hand, Casiano and Jassir questioned the utility of routine LD placement for the management of CSF rhinorrhea. 18 In addition, other authors caution about the risk of neurological injury with the use of LD in ASB procedures. 19 This paper presents our institution's experience with preoperative LD placement prior to open and endoscopic ASB surgery and evaluates the efficacy and safety of this strategy in preventing postoperative CSF leak.
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Abstract
This study assesses the efficacy of preoperative lumbar drain (LD) placement prior to elective open cranial and endoscopic anterior skull base (ASB) surgery in reducing postoperative cerebrospinal fluid (CSF) leak. A retrospective review of 93 patients who underwent LD placement at our institution between 2006 and 2011 was performed. Of these patients, 43 underwent elective LD placement prior to ASB surgery; 2 patients had evidence of CSF rhinorrhea prior to surgery, and 41 had no evidence of a preoperative CSF leak. Of those 41 patients, 2 developed CSF rhinorrhea (2/41¼ 4.9%) as a result of surgery-all in our endoscopic patient population (N ¼ 21; 2/21¼ 9.5%). No postoperative CSF leaks were noted in our open ASB surgery cohort (N ¼ 20). Other complications were rare, but we encountered two instances of delayed malignant cerebral edema in the open ASB cohort that are discussed in detail. Overall, preoperative LD placement was found to be an effective means of preventing postoperative CSF leaks after ASB approaches, but potential and significant intracranial complications may occur in select patients that merit careful consideration prior to LD placement.
Methods
We performed a retrospective chart review of all patients in the past 5 years who underwent LD placement at our institution to identify patients without evidence of a preoperative CSF leak who had a LD placed prior to elective ASB surgery. and DuraSeal is used. Significant defects in the floor of the ACF or high-flow CSF fistulae that may result from entry into the floor of the third ventricle are repaired with a vascularized nasoseptal flap augmented by the above mentioned closure materials. Nasal packs are used at times but are not relied upon for dural closure. Postoperatively, the LD is positioned at the level of the patient's shoulder and permitted to drain 10 to 15 cc/hour in the neurosurgical intensive care unit under close monitoring. Patients remain flat while the drain is in place but are permitted to move around when the drain is clamped. Generally, drainage is performed for the first 3 days following surgery, after which the LD is clamped for 24 hours and, if there was no evidence of a CSF leak, the LD is removed. Postoperative CSF leaks are defined as any extraventricular extravasation of clear fluid such as rhinorrhea or a subgaleal collection.
The cumulative percentage of patients who experienced a postoperative CSF leak or other postoperative complication was calculated. Statistical analysis related to patient comorbidities was performed using Fischer's exact test (p < 0.05). Approval was obtained from the Loyola University Medical Center Institutional Review Board prior to initiating this study.
Results
Forty-three patients had LDs placed prior to elective ASB surgery. Surgical routes to the ASB included transnasal, transsphenoidal endoscopic approaches (N ¼ 23), bifrontal craniotomy (N ¼ 11), pterional craniotomy (N ¼ 6) and cranio-orbito-zygomatic (N ¼ 3) approaches.
Two patients with esthesioneuroblastomas had preoperative CSF rhinorrhea; in both instances, preoperative LD placement and closure with a nasoseptal flap augmented by synthetic polymer glue was effective in eliminating a postoperative CSF leak. Of the remaining 41 patients without signs or symptoms of a preoperative CSF leak who underwent LD placement prior to elective ASB tumor surgery, two patients developed postoperative CSF leaks (2/41 ¼ 4.9% Of the 41 patients without preoperative CSF leaks who had a LD placed prior to surgery, there were 20 males and 21 females. Although all patients had some degree of intracranial air on postoperative imaging, no instances of tension pneumocephalus were noted. Hypertension (N ¼ 15), diabetes mellitus (N ¼ 5), and the use of tobacco products (generally cigarette smoking; N ¼ 22) were confounding variables in 76% (n ¼ 31/41) of patients; no correlation was noted between these variables and the occurrence of a postoperative CSF leak. We did, however, encounter two significant postoperative complications in patients who had preoperative LD placement prior to craniotomy for ASB tumor resection. Those cases also merited separate discussion.
Case Report #1 (Recurrent CSF Rhinorrhea)
This 73-year-old Caucasian woman with a history of diabetes mellitus, hypertension, and significant cardiac disease (for which she had previously undergone coronary artery bypass surgery) presented with headaches and blurry vision in her left eye. A bitemporal hemianopsia was noted on formal visual field testing. Magnetic resonance imaging (MRI) revealed a homogenously enhancing, sellar lesion with suprasellar extension and compression of the optic chiasm (►Fig. 1). She had a LD placed prior to undergoing an uncomplicated endoscopic, transnasal, transsphenoidal resection of a benign pituitary adenoma with suprasellar extension and invasion of the floor of the third ventricle. At the conclusion of the case, the patient had a sellar floor reconstruction with abdominal fat bolstered by Gelfoam covered by DuraSeal with nasal packing. Postoperatively, the patient remained flat with the LD set at shoulder level set to drain 10 to 15 cc/hr. Postoperative cranial computed tomography (CT) revealed minimal intracranial air and no evidence of hemorrhage (►Fig. 1).
Postoperative polyuria and transient hypernatremia (peak Na 147 mmol/L) required one dose of desmopressin (DDAVP; Sanofi-aventis, Bridgewater, New Jersey, USA). Approximately 300 cc of CSF was drained via the LD over 2 days, the nasal packing was removed, and the LD was clamped and then removed on the fourth postoperative day with no evidence of a CSF leak. On postoperative day 5 she had acute onset of nausea and a bout of emesis, after which brisk CSF rhinorrhea was noted. She was taken to the operating room for an endoscopic repair of the sella floor with abdominal fat graft and replacement of the LD. Following surgery, the LD was again set to drain at 10 to 15 cc/hr. On the evening of postoperative day 2, the patient acutely became hypotensive, requiring fluid resuscitation and intravenous phenylephrine (Neo-synephrine; Hospira, Inc., Lake Forest, Illinois, USA) to support her blood pressure. An echocardiogram revealed mild right heart strain, and a pulmonary embolism protocol CT revealed a linear filling defect in the right lower lobe. The LD was removed, an inferior vena cava filter placed, and a heparin drip initiated.
Two days later, CSF rhinorrhea was again noted. She was taken back to surgery and repeat endoscopy permitted visualization of the floor of the third ventricle and CSF leakage draining from the suprasellar cistern. This was repaired endoscopically with the placement of an abdominal fat graft and a nasoseptal vascularized flap. She returned to the neurological intensive care unit (ICU) with a third LD that drained between 275 and 350 cc of CSF daily until the drain was clamped on postoperative day 4. The LD remained clamped through postoperative day 6, at which time there were no signs or symptoms of a CSF leak, and the LD was removed. She was subsequently discharged home and has remained asymptomatic without evidence of a CSF leak.
Case Report #2 (Malignant Cerebral Edema)
This 39-year-old otherwise healthy African American woman presented with a generalized tonic-clonic seizure and intermittent blurry vision. An MRI of the brain revealed a 3 Â 4cm olfactory groove lesion suggestive of a meningioma (►Fig. 2). Other than a left superior nasal quadrantanopsia, she was neurologically intact. She was started on levetiracetam (Keppra; UCB Pharmaceuticals, Brussels, Belgium) and had no subsequent seizures.
She underwent a bifrontal craniotomy, cranialization of the frontal sinus, and a Simpson grade 3 resection of the tumor. Reconstruction of the dura of the floor of the ASB and sequestration of the frontal sinus from the intracranial space was performed using a pedicled, pericranial graft augmented by DuraSeal. Prior to surgery, an LD was inserted but kept clamped, and 10 mg of dexamethasone (Decadron; Merck and Co., Inc., Whitehouse Station, New Jersey, USA), 1 g of Keppra, and 25 g of mannitol were administered intravenously (IV). Following dural opening, an additional 25 g of mannitol was administered IV and 10 cc of CSF was siphoned from the LD.
During the subfrontal/interhemispheric approach, the left frontal lobe was noted to be edematous and swollen. An additional 25 g of IV mannitol was given and another 10 cc of CSF drained via the LD. Near-total surgical resection was achieved and a small portion of the tumor encasing the left anterior cerebral artery was left intentionally. Following surgery, the patient was extubated without incident and had a normal neurological examination. A postoperative cranial CT obtained within 6 hours of surgery showed an appropriate resection cavity without evidence of hemorrhage or ventricular dilatation. Mild pneumocephalus without tension was noted (►Fig. 3). In the neurosurgical ICU, the LD was leveled at the shoulder and set to drain 10cc/hr. Tumor pathology was consistent with a World Health Organization (WHO) II atypical meningioma with a K i -67 proliferation index of 4% that was progesterone receptor positive and featured prominent nucleoli and several foci of necrosis.
Immediate postoperative diabetes insipidus and transient hypernatremia (peak Na 153 mmol/L) required close fluid and electrolyte monitoring and one dose of IV DDAVP. She was also reported to be intermittently confused-oriented only to name and place-but the CSF drainage through the LD was continued as per the original protocol, draining 10 cc/hr. Over the next 10 to 12 hours, she was reported to be awake and alert, with a nonfocal, normal neurological examination.
On the afternoon of postoperative day 1, she had a brief episode of unresponsiveness and was noted to have sluggish, 6 mm dilated pupils bilaterally. The LD was immediately clamped and an emergent cranial CT scan revealed significant bifrontal cerebral edema with crowding of the basal cisterns (►Fig. 3). She was administered 100 g of IV mannitol, 20 mg of IV Decadron, and 1 g of IV Keppra. The LD was discontinued. Electroencephalography (EEG) did not reveal any epileptiform discharges or subclinical seizures. Within an hour, the patient regained her normal neurological examination, an examination that she maintained until the evening of postoperative day 3-only requiring intermittent IV DDAVP to control elevated urine output.
On the evening of postoperative day 3, the patient became acutely unresponsive. On examination, she was noted to have 6 mm, nonreactive pupils with a dysconjugate gaze and flexor posturing. She was given 50 g of IV mannitol. She then proceeded to have a generalized, tonic-clonic (GTC) seizure which required administration of 4 mg of IV lorazepam (Ativan, Baxter International, Inc., Deerfield, Illinois, USA) 1 g of IV Keppra, and 1 g of IV fosphenytoin (Cerebyx; Pfizer Inc., New York, New York, USA) before her tonic-clonic activity ceased. Subsequent cranial CT scan revealed persistent bifrontal cerebral edema with crowding of the basal cisterns. She gradually regained consciousness, had intermittent eye opening with spontaneous movement of all four extremities, and spontaneous, normal respirations, but she did not follow commands.
On the morning of postoperative day 4, despite adequate antiepileptic medications, she had another GTC seizure, this time requiring intubation. The patient's cranial CT scan showed no change from the previous afternoon. A right frontal external ventricular drain (EVD) was placed with an opening pressure of 25 cm of H 2 O with an appropriate waveform. The drain was set to 10 cm above the pterion. After 20 cc of CSF drained briskly, the catheter stopped draining, and the monitor showed a poor waveform. A leftsided intracranial pressure monitor was then placed and confirmed elevated pressures of between 21 and 24 mm Hg. The patient showed no signs of neurological improvement and was found to have fixed and dilated pupils, absent brain stem reflexes, and no movement of the extremities. She was taken to the operating room emergently for removal of her cranial bone flap and resection of swollen and infarcted brain tissue. Postoperatively, the patient did not recover any neurological function. A cranial CT scan showed progression of the already severe bifrontal edema with evidence of bilateral anterior cerebral artery infarctions (►Fig. 3). The next morning, EEG and cerebral blood flow studies confirmed brain death, and the family withdrew care.
Case Report #3 (Cerebral Edema)
This 68-year-old Caucasian woman who had previously undergone radical hysterectomy and bilateral salpingo-oophorectomy for Stage II-A cervical carcinoma presented with a seizure prompting an MRI that demonstrated a 3 Â 3 Â 2 cm contrast-enhancing planum sphenoidale lesion suggestive of a meningioma (►Fig. 4). Prior to her scheduled admission for surgery, she developed pulmonary complaints and was diagnosed with a pulmonary embolus requiring a 6-month course of warfarin (Coumadin; Bristol-Myers Squibb Company, New York, New York, USA). Otherwise, the patient was a nonsmoker with hypertension and hyperlipidemia.
With completion of warfarin therapy and normalization of coagulation parameters, she underwent an uncomplicated bifrontal craniotomy and gross total resection of the tumor that was found to be a WHO grade I meningioma without atypical features. At surgery, the frontal sinus was cranialized and then sequestered from the intracranial compartment by a pedicled pericranial graft that was also used to reconstruct the dural defect augmented by abdominal fat and DuraSeal. Prior to surgery, she received a loading dose (15 mg/kg) of IV phenytoin (Dilantin, Pfizer Inc., New York, New York, USA), in addition to her maintenance dose of Keppra and 10 mg of IV Decadron. She received 25 g of IV mannitol just prior to dural opening. Following surgery, she was extubated uneventfully and had a normal neurological examination; postoperative CT scan revealed a complete tumor resection with minimal, nontension pneumocephalus (►Fig. 5).
On the morning of postoperative day 1, the patient was neurologically intact, and her LD was opened to drain 10 to 15cc/hr. Through the afternoon and evening, she reported intermittent nausea and had several episodes of emesis. On postoperative day 2, the patient became acutely somnolent with a labored breathing pattern requiring emergent intubation. The LD was clamped, and a cranial CT revealed bilateral frontal edema (►Fig. 5). She was administered 100 g of IV mannitol and 20 mg of IV Decadron. Her neurological examination steadily improved, returning to normal and permitting successful extubation 12 hours later. She remained on a low dose of mannitol for 2 days and her Decadron was tapered over 1 week. The LD remained clamped. It was removed the next morning. Two subsequent cranial CT scans revealed resolving frontal edema (►Fig. 5). She was discharged 6 days after surgery with a normal neurological examination and continues to do well at follow up more than 12 months after surgery.
Discussion
A variety of surgical approaches to address pathology of the ASB are described and are effective. [20] [21] [22] [23] [24] [25] [26] However, despite advances in technology and refinement of technique, postoperative CSF leaks are still observed in 5 to 20% of patients undergoing cranial base procedures. 14,27-30 Inserting a drain into the lumbar subarachnoid cistern has become an acceptable strategy for mitigating postoperative CSF leak following cranial base procedures.
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In 2007, Bien et al performed a retrospective analysis of 150 posterior fossa craniotomy surgeries and noted that preoperative LD placement decreased the incidence of postoperative CSF leak by 23%.
13 Similar practice is extrapolated to and has been found effective with ASB procedures. However, some authors question the utility of an LD altogether and others have challenged the prudence of routine, prophylactic LD placement prior to ASB surgery, describing an increased incidence of postoperative intracranial complication, in particular tension pneumocephalus. 12, 15 Some authors even present data suggesting that particular types of CSF leak, CSF rhinorrhea for example, are comparatively less likely to respond to LD placement.
31
Weaver et al reported on 62 patients who underwent preoperative LD placement prior to thoracoabdominal aortic aneurysm repair. 32 The LD was inserted at the L2-3 level in 21%, L3-4 level in 53%, and L4-5 level in 25% of patients. Drains remained in place an average of 2.4 days. Two patients developed intradural hematomas at the insertion site; one of them had lower extremity neurological deficits as a result. No infectious or other complications as a result of the LD placement were reported. Yates et al did a retrospective review of 22 craniofacial procedures in 18 patients over a 54-month period and noted the development of pneumocephalus in 7 patients and tension pneumocephalus in 2 of these 7 patients. 33 Both instances of tension pneumocephalus occurred in patients undergoing LD placement and was further complicated by the development of transient diabetes insipidus. Ransom et al retrospectively evaluated 65 patients undergoing LD placement prior to endoscopic ASB surgery. 19 The LD remained in place an average of 2 to 3 days. Four patients required repeat surgery for a postoperative CSF leak. Nine LD complications occurred in eight patients. A persistent lumbar CSF leak in five patients required epidural blood patch placement. Significant overdrainage, inadvertent disconnection, inappropriate opening, and a retained intradural catheter tip were noted each in one patient. Roland et al retrospectively reviewed the charts of 32 patients undergoing LD placement for CSF fistula over a 3-year period. 10 Minor complaints included headache, nausea, and vomiting and were noted in 59% of patients. Major complications were noted in 12.5% of patients and included unilateral occlusion of the posterior cerebral artery and unilateral vocal cord palsy. All complications, major and minor, were relieved by cessation of lumbar CSF drainage.
Pepper et al reported on data gathered from their population of 161 patients who underwent transglabelar, subcranial approaches to the ASB over a 14-year period. 15 Of these, 41
patients had an LD placed prior to surgery. They noted that routine placement of a LD was associated with an increased risk of tension pneumocephalus and intracranial complications and did not significantly reduce the incidence of CSF leak as a result of the operations. Grady et al retrospectively reviewed the charts of 530 patients undergoing LD placement prior to transsphenoidal surgery. 12 No new neurological deficits attributable to insertion of the LD were noted. Thirteen patients developed a spinal headache; seven of these required an epidural blood patch to relieve their symptoms. Their conclusion was that insertion of an LD in an anesthetized patient prior to surgery was a safe procedure. This study revealed that LD insertion prior to surgery is an effective way to mitigate the risk of postoperative CSF leaks following open and endoscopic ASB procedures. The two cases of postoperative CSF leaks despite LD placement occurred in the endoscopic population and, in one instance, was easily remedied by a return to the operating room and careful reconstruction of the floor of the anterior cranial fossa.
Ã
However, the patient with a recurrent CSF leak following initial repair merits careful analysis. As noted in this patient, in cases where the floor of the third ventricle is violated, a high-flow CSF fistula results that may not be eliminated by autologous fat and synthetic polymer glue packing even when augmented by a LD. Such instances and recurrent CSF rhinorrhea cases require a vascularized nasoseptal flap closure of the ASB augmented by autologous fat, Gelfoam, and synthetic glue. As Kassam et al noted, and as done in this case, the use of a vascularized nasoseptal flap is a significant factor in achieving a successful closure of the CSF fistula.
1
The second and third case vignettes highlight the problem of cerebral edema that accompanies some tumors such as meningiomas, particularly atypical or anaplastic meningiomas, and the risk of lumbar CSF drainage in these patients following open ASB procedures. One patient had a WHO grade II atypical meningioma, whereas the other patient had a WHO grade I meningioma but with significant vasogenic edema, as is sometimes noted with the secretory variant of the tumor. Similar problems of cerebral edema may be observed in Kadish stage C esthesioneuroblastomas that invade the dural and pial boundaries. Cerebral edema may exist prior to surgery in these patients and may be exacerbated by surgery, particularly if venous structures are Ã The anterior cranial fossa was accessed via the endoscopic, transnasal approach. An AlloDerm (LifeCell Corp., The Woodlands, Texas, USA) graft was bolstered with abdominal fat and an additional layer of thick AlloDerm used to cover the entire skull base dural defect. The AlloDerm matrix was draped into the frontal sinus along the anterior face of the posterior table and laterally along the orbits with the posterior edge tucked into the clival recess. DuraSeal and Avitene (Davol, Inc., Cranston, Rhode Island, USA) further augmented the skull base repair, and two Merocel (Medtronic, Inc., Mystic, Connecticut, USA) sponges packed the bilateral nares.
sacrificed to get access to the tumor. Lumbar CSF drainage in these cases can result in significant neurological compromise due to downward herniation syndromes either through the tentorial incisura or the foramen magnum. In Patient #2, the CT obtained after neurological decline did indeed demonstrate crowding of the cerebellar tonsils into the foramen magnum that was not previously noted. Both patients responded to IV mannitol boluses. Patient #2 also developed problems with seizures, which are frequently seen with atypical or anaplastic meningiomas. Her neurological status declined almost 48 hours after the LD was removed. Although this decline could be attributed to seizures and cerebral edema, it is also possible that the LD played a role. Bloch and Regli described a case of a patient who developed brainstem and cerebellar dysfunction 3 days after removal of a LD that was placed following a pterional craniotomy for clipping of an aneurysm. 34 An MRI scan demonstrated both tentorial and foramen magnum herniation. The patient was successfully treated with ventricular drainage, an epidural blood patch, and being placed in a Trendelenburg position. Presumably, a persistent CSF fistula existed even after the LD was removed, allowing CSF egress through the drain site, and some element of postoperative cerebral edema or swelling existed that led to the herniation syndrome described. As with any nonrandomized, retrospective review without a control arm, there are limitations to this study. In addition, the three cases described may represent anecdotal evidence at best. However, the lessons are germane to the practice of all practicing skull base surgeons and consistent with the experience of other surgeons. It has also caused us to alter our practice, and this has resulted in excellent outcomes with no further LD-induced complications. At present, we insert a LD only in endoscopic cases with suprasellar or limited intracranial tumor extension without mass effect. We do not insert a LD for large, intracranial ASB lesions with significant mass effect or vasogenic edema. Drainage of CSF is only commenced after a 12-hour observation period in the neurosurgical ICU with a CT scan that demonstrates no evidence of cerebral edema, tension pneumocephalus, or hydrocephalus and with open basal cisterns. Drainage is performed at 10 to 15 cc/hour during daytime hours from 8:00 AM to 5:00 PM with close neurological monitoring for 3 days. The drain is clamped on the fourth day and then, after 24 hours, removed in the absence of a CSF leak.
Conclusion
Our experience demonstrates that LD placement is generally well-tolerated by patients-we had no postoperative complications directly attributable to drain placement-and is an effective means by which to minimize postoperative CSF leak after ASB craniotomy. Recurrent or high-flow CSF leaks require a vascularized pedicled nasoseptal flap reconstruction. The risk of brain herniation syndromes with LD placement is present in patients with large intracranial tumors, especially those prone to generating significant vasogenic edema, and LD placement is avoided in these patients. Neurological decline in a patient with an LD in place necessitates an immediate IV bolus of mannitol and a cranial CT to rule out tension pneumocephalus or intracranial hypertension. Neurological decline may be observed even after drain removal and requires similar management.
